Abstract Several sensor nodes in the wireless network collect the data rigorously which aids in many of the applications. The network with high and the consistent data load is the only requirement of the wireless sensor networks. Due to the limited sources of the network and the high data loads, networks may be affected by congestion. Congestion is a highly objectionable issue which leads to information loss and the deprived performance of the wireless sensor networks. In this paper, an adaptive cuckoo search based optimal rate adjustment (ACSRO) for the congestion avoidance and control is proposed. The rate adjustment regulates the share rate of the node to mitigate the congestion. The performance of the proposed rate optimization approach is evaluated using the evaluation metrics such as throughput, delay, normalized packet loss, normalized queue size, and congestion level. The results of the proposed rate optimization show that the congestion is compacted and the performance of the WSN is improved. 
Introduction
In wireless network [5, 9, 17, 24] , congestion is a highly undesirable situation since it can jeopardize the networks mission. Congestion in the wireless sensor network [10, 12, 19, 22] is classified into two types. They are location based congestion and packet based congestion. The location based congestion occurs at the location of the sensor nodes. It is of the following types: sink congestion, source congestion and forwarder congestion.
The packet based congestion is classified into two types. They are node level congestion and sink level congestion [16] . The congestion at the networks can lead to packet loss and the retransmission at the MAC layer or upper layer. Tolerating the packet loss by the retransmission leads to the over usage of the power in the WSN leading to the poor efficiency of the sensor networks [18] . The power exhaustion in the networks can result in routing holes over the network which can reduce the ability of the network to attain its mission. Several research works exist for controlling congestion in WSNs [4] .
Additionally, the convergent (many-to-one) nature of WSN traffic, especially in single-sink WSNs, necessitates completely different ways of addressing congestion than in traditional end-to-end strategies. Congestion control (CC) and avoidance include measures taken for manipulating the traffic within the network in order to combat congestion and avoid congestion collapse [5] . Congestion in a network [11] is a situation in which the demands for resource are more than the available resources in the network and results in lower performance and more delay. Developing protocols, algorithms and structures to maximize network lifetime causes a serious problem in satisfying the Quality of Service (QoS) requirements [3] . As congestion deteriorates QoS by causing buffer overflow which leads to large queuing delay and higher packet loss, efficient transport protocol should be developed to handle network congestion [13] . Moreover, it can lead to transmission collision on MAC layer which requires retransmission of the colliding packets. Since wireless sensor network has limited battery, such retransmission causes wastage of energy [14] . Basically, congestion control protocol should detect congestion successfully, notify the associated sensor nodes and then apply suitable mitigation technique [6] .
In this paper, an Adaptive Cuckoo search based rate adjustment for the congestion avoidance and control is proposed. The congestion control is mainly concerned/concentrated on enabling the sensor network to recover from the packet loss and the congestion avoidance is intended to detect the incipient congestion and to prevent its occurrence. By defining the rate i.e. share rate of the child node to the parental node by using an optimization algorithm for the object formulation function comprising of the number of nodes, priority number, bandwidth, sending rate and maximum rate, the optimal congestion avoidance and control are conceived. Based on the proposed adaptive cuckoo search algorithm, the optimized rate adjustment is done, making the network free of congestion irrespective of the traffic loads. The proposed congestion management mechanism is to control the forwarder congestion.
The main contributions of the paper are as follows:
(a) ACSRO algorithm: The adaptive cuckoo search based rate optimization is the first contribution for the congestion avoidance and control. The rate adjusted by the adaptive cuckoo search by the adaptive step size allows the share rate of the child nodes to be within the service rate of the parental node, thereby helping in the congestion avoidance and control. Whenever the parental node traffic exceeds the queue size, the ACSRO took over its part neutralizing the congestion. (b) Optimal Fitness Function: The optimal fitness function is the second contribution of the proposed ACSRO algorithm. A new fitness function to evaluate the share rate of the child node to be within the service rate of the parental node is presented. The maximal fitness function chooses the new share rate which is less than that of the maximal share rate in previous iteration of the data transfer.
The organization of this paper is as follows. In the Section 2, the literature review revealing the recent research works concerned with the congestion avoidance and control is discussed. The problem statement for the development of the proposed rate adjustment optimization scheme is briefed in the Section 3. The proposed ACSRO scheme is elaborated in the Section 4 with the system model deliberating the procedure in the congestion control. The results and discussion of the proposed system are shown in the Section 5. Section 6 concludes the paper.
Literature review
In this section, the literature review of the research papers concerned with the congestion avoidance and control algorithm [26] [27] [28] [29] is discussed. Accordingly, 8 research papers [1] [2] [3] [4] [5] [6] [7] [8] are reviewed upon the method of congestion limiting. Table 1 shows the literature review of the existing works.
Mostly, the compactness of the congestion is provided by back pressure warning messages, fairness level at the packet service time, fairness in the ratio between the packet inter arrival time and packet service time, learning based, priority based, etc. In [1] , a probabilistic method for the congestion prediction and the rate control based on the back off selection scheme was proposed. The channel free transmission and the channel state were considered for the congestion control. But the disadvantage originates from the initiated parameter itself. The information about the channel state after a successive transmission was unavailable. The adaptive random early detection based congestion control proposed by the Liu et al. [2] was based on the adaptive threshold which overcomes the disadvantage of the random early detection. The delay variation was a considerable factor here, leading to the poor network performance.
An ease congestion control technique based on back pressure routing was proposed in [3] . Even though the dynamic selection of the router improves the performance, the priority selection completely depends on the network leading to the improper selection. The quality of service was also inefficient. The minimal traffic overhead based congestion control scheme was proposed in [4] . Here, the complexity in the computation makes it unfit for the transport protocol. The congestion control based on the bird flocking behavior was proposed in [5] . The congestion notification by the flocking behavior is maximal but the retransmission of the packets leads to the inefficiency in terms of the power. The generous fuzzy based congestion control [6] has the effective packet drop capability but the congestion free networks have been not cared. The rate optimization algorithm proposed in [7, 8] , has better advantage considering the packets loss and managing queues. The disadvantage here was mainly of the complexity factor and the power usage due to the retransmission.
Challenges
Some of the challenges considering the congestion in the wireless sensor network from the existing systems [1] [2] [3] [4] [5] [6] [7] [8] are discussed below. One of the common problems in WSN is congestion because of carrying more data to be transferred through network. This congestion results in increasing the queuing delays and information loss which is absolutely degrading the quality of service (QoS) by decreasing the network lifetime and even the decomposition of network topology in multiple components [5] . The congestion happening over the network not only wastes the scarce energy due to a large number of retransmissions and packet drops, but also hampers the event detection reliability [3] . Due to the undesirable situation of congestion in network, various congestion control algorithms were applied in order to mitigate congestion, such as ATRED (adaptive thresholds random early detection) congestion control algorithm, Backpressure routing and dynamic prioritization for congestion control (BDCC), and Dynamic Alternative Path Selection Scheme. But, these algorithms find the difficulty of additional overhead to the already heavily loaded environment, which eventually leads to resource depletion. The traditional algorithms result in heavy oscillation of queue at the router and give rise to severe delay variation. Also, those algorithms do not consider the data packets delivery with instant or high priority. In [7, 8] , congestion control was carried out by finding the optimal rate which is found out after solving the optimization problem. But, this optimization problem was not solved using the popular heuristic methods. In [7] , they utilized a simple Poisson process but the heuristic methods offer better rate suggestion than the simple Poisson process.
Problem statement
A wireless sensor network consists of N number of sensor nodes with one sink node. The N sensor nodes contribute to the cluster of the nodes with the child node and parental node. Let n i be the child node, P j be the parental node, and DP k is the data packets send over the node. The nodes considered here for the representation are the sensor nodes. It is represented as follows:
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Let S r and Sv r be the sending rate of the child node and the service rate of the parental node respectively. Fig. 1 represents the congestion behavior due to the dissimilarity between the sending rate and the service rate of the child node and the parental node.
In a WSN, the reliable data transfer happens from the sensor nodes to sinks. The child nodes are the sensor nodes from which the data packets are jointedly collected in the parental node from where the data is transferred to the sinks aiding in the application of the wireless sensor network. When the sending rate of the child nodes exceeds the service rate of the parental nodes, the data packets send by the child nodes are made to wait in the queue based on the physical queue size of the parental node. When the data packets exceed the size tolerable by the queue of the parental node, congestion occurs [20] . The main factor for the congestion is the increase in the sending rate over the packet service rate of the parental node. Here, the condition is as follows: S r > Sv r ; Congestion occurs S r < Sv r ; Congestion free transmission Let us consider an example, n 1 n 2 and n 3 be the three child nodes sending the data packets with the sending rate of 0.1 i.e. one data packet DP 1 at a time. The service rate of the parental node P 1 is 0.2. At the time of the transmission, at the first instance, three data packets are sent by the child node. The parental nodes receive it, but the queue length is only 2. So, one of the data packets send from the child node is queued leading to the congestion.
At the second instance, three packets are sent; two of them are queued due to the non-availability of the queue size leading to the congestion. This is because the sending rate is greater than the service rate of the parental node. The rate adjustment optimization reduces the share rate reducing the congestion. Fig. 1 represents the congestion behavior in the WSN due to the share rate which is far greater than the packet service rate of the parental node.
4. Proposed system: adaptive cuckoo search based rate optimization (ACSRO) scheme in the wireless sensor networks
The detailed discussion about the proposed rate optimization based on the adaptive cuckoo search is given in this section. The architecture of the congestion control using the ACSRO scheme is shown in Fig. 2 .
The intention of the proposed scheme is to avoid the congestion and to control congestion if it occurs. The congestion management in the proposed system is made possible by the adaptation of the rate adjustment optimization. The status of the congestion is active at the node means the ACSRO took over the action, rectifying the congestion in the network.
Initially, the congestion avoidance on the incoming packets (traffic) from the child node is carried on by the adaptation of the packet drop. The packets with the less importance are dropped thereby avoiding the congestion. In some cases, the incoming packets can't be dropped because of its importance criterion. There is no surety that the data packet out of the congestion avoidance is free of congestion/susceptible to congestion. When the sending rate increases considerably greater than the service rate of the parental node, then congestion occurs. If the congestion tends to happen, then the level of the congestion is found out using the total size of the queue. The congestion level corresponds to the stage at which the incoming packets start to congest. The congestion level is set within a threshold value. When the congestion level exceeds the threshold, the congestion tends to happen so that the rate optimization procedure is called.
By providing the rate optimization to the congested level, the congestion is controlled in the sensor networks. The rate optimization is nothing but reducing the share rate of the child nodes. The congestion control depends on the parameters like the data share rate of the child node, available bandwidth of the node and service rate of the parental node. These parameters are optimized in a way such that the share rate is reduced. The optimization is done using the adaptive cuckoo search algorithm. It is the modified form of the cuckoo search algorithm [15] .
The cuckoo search algorithm is based on the foraging behavior of the cuckoo bird. The fitness function provided by the optimization algorithm gives away the portion of the child node for sending the node data. The new share rate adjusted by the proposed adaptive cuckoo search optimization algorithm controls the congestion which is rate adjusted i.e. share rate is reduced than that of the previous share rate of the nodes and the data transport takes place with the adjusted rate. The congestion notification function is fed into the header part of the data packets. There by, the additional control messages that are send for the congestion control are avoided which increases the energy efficiency, and thus congestion in the nodes is controlled. The rate optimization procedure goes on continuously aiding in the congestion free transport of the data packets in the wireless sensor networks. 
System model
The system model of the proposed congestion management system is deliberated in this section. The system model is similar to that of the model in [7] . In the wireless sensor networks, sensors are at the nodes collectively amassing the information regarding the concerned parameters from the environment. The collected information from the sensors is send to the sink for the application oriented background. Each sensor indicates the individual node; the nodes are classified into the child and parental node. The child nodes send the packets based on the share rate to the parental node. The parental node sends the collected data based on the service rate to the sink. In the data transmission, N number of the nodes participates. The data from the child node to parental node as well as the parental node to the sink is based on the priority of the node, providing optimized performance in the sensor networks. The priority based system model for the congestion management mechanism is given below.
The static priority of the parental node depends on the importance of the data carried by the node to the sink node. The static priority at the node l is given by the equation,
Here DI l is the importance degree of the data of the node. It is of the range 0 6 DI l 6 1. The parameter SD l n denotes the nth source data priority at the node l. The source data priority is concerned with the sensor type in the node l. The static priority is the priority level denoting the node at the time instance to send the data to parental node. In some cases, data collected by a sensor is useless, for which the priority is given low and the information with more importance is prioritized with high values. The value of the source data priority can be set manually for the service rate differentiation. N denotes the sensor type from which the data is sensed and given to the wireless sensor network.
The global priority of the node is based on the static priority as well as the transmit data traffic at the time of the instance in the analogous node (sensor).
Global priority at the node l is given by the equation below,
where T P l is the transmit data priority and P s l is the static priority at node l. T P l defines the priority of the transmit data traffic forwarded through the node l. At the time of the data transmission over the child node and the parental node, a virtual queue is considered having the similar size of the parental node accepting the data packets from the nodes. The priority over the virtual queue is also considered for the system model in the proposed optimization scheme. This renovates the physical queue size aiding in the rate optimization. The global priority ratio for the each virtual queue m is defined as,
where N l is the number of child nodes at the node l.
The child node priority in the wireless sensor network is dependent on the weight of the data traffic and the delay in the each virtual queue. The child priority U in the node l is defined as follows: The weight of the traffic depends on the number of the packets in the virtual queue at the time of instance. The delay depends on the average delay for the acceptance of the input data packets from the child node in the virtual queue. The value of the average traffic weight and the delay are obtained using the following equations.
Here b j n ðlÞ is the number of packets with the source priority n in the virtual queue m. D is the delay which is the time elapsed from the packet generation to the current time. D j n ðlÞ is the average packet delay of the type n in the virtual queue m at the node l. U is the child priority and V is the congestion level.
When the data collection exceeds the service rate of the node because of the increase in the share rate of the child node, the data packets are kept waiting in the queue [23] . For the repeated instance of the share, congestion is made prominent in the network. During this instance, the packet drop probability aids in controlling the congestion. The congestion management uses an esteemed technique for the active management of the data in the queue. By managing the queue, the congestion can be controlled/avoided and the parameter concerned with the network can be improved. Some of the parameters resulting in the improvement over the queue management are network delay, link utilization, packet loss rate, system fairness, etc. The queue management uses the virtual queue for storing the data packets from the child node.
The packet drop probability is computed for the packets when it is received by the parental node. The packet drop probability depends on the initial value of the drop probability as well as the change in the level variation of the queue length.
The packet drop probability for the incoming packet in the traffic is calculated using the equation given below:
Packet drop probability;
where P Ini d is the initial/primary value for the drop probability adjusted based on the condition of the network, dqm l is the level of variation in the length of the virtual queue, q o is the total length of the virtual queue, V is the congestion level, and # 1 and # 2 are the constant parameters.
The initial value of the packet drop has significant effects on the packet drop criterion. It provides the free space based on the value for the new incoming data packets, and thereby congestion in the network is avoided. The initial value of the drop probability is calculated using the following equation:
Here x 1 and x 2 are the lower and upper thresholds chosen for the simulation. U m is the normalized child node priority.
The level of variation in the length of the mth virtual queue is calculated using the equation:
Here q old m is mth virtual queue size value at the start of the last period and q new m is the value of the mth virtual queue at the end of the last period and beginning of the new period. The term 1 À P n o¼1 q o =V À Á À Á corresponds to the total free space in the physical queue.
The level of variation in the queue length dqm l and the value of the flexible parameter # 2 have significant effect on the packet drop probability. The value of dqm l is positive or negative. The value will be positive if the differential of the mth virtual queue is positive. This will remain positive even after the multiplication of the flexible parameter # 1 causing the packet drop probability to increase. If the value goes to negative, then the packet drop probability is reduced. The Multiplication of # 2 with the free space increases the free space in the queue. Thus, the drop probability is reduced because of the free space with which the additional packets can be folded. The packets are queued or dropped based upon the drop probability P d value. If the packet is not dropped and queued in its virtual queue, then the proposed system checks for the congestion status and finds the congestion level. Based on the congestion level over the threshold limit, the condition for the congestion control is decided.
Congestion detection
In this section, detection of the congestion based on the status of the congestion and congestion level is described. The source data in the traffic subjects to enter the parental node [21] . This results in the congestion of the network. Based on the size of the queue, the congestion is manifested and the level of the congestion is deduced to optimize the sending rate of the child nodes.
Status of congestion
The congestion status defines the presence of the traffic with the congestion in the node. It is based on the threshold value chosen. The parameters x 1 and x 2 are the upper and lower thresholds chosen. Based on the length of the virtual queue V, the status of the congestion is found out. Two conditions for the status of the congestion are given below:
When the total length of the virtual queue is greater than the term comprising the physical queue size and upper threshold value, the congestion will occur. The status of the congestion denotes the presence of congestion in the network.
Condition 2
If the total length of the virtual queue is greater than that of the VÁx 2 , congestion occurs. This is because the related size of the virtual queue is more than 95% of its portion.
Congestion level
If the status of the congestion confirms the presence of the congestion in the network, then the congestion level is to be found out, by which the node at which the current congestion takes place is reflected. The congestion level is calculated using the child node as well as the overall node congestion level. The congestion at the node level defines the node at which the rate optimization is to be done. The overall node congestion level defines the presence of the congestion in the network and provides the availability for the optimization at the fitness formulation function.
The condition for the child node congestion level detection is given below: When the ratio of the queue size and the product of the child priority and the overall queue size are within the considered limit, then congestion occurs.
The child node congestion level is estimated based on the priority of the child node and the queue size. The child node congestion level is calculated using the formula:
C Lm is utilized for the rate adjustment to control the congestion. The overall node congestion level is calculated using the formula:
The value of the nC Lm designates the available bandwidth in the node. When the value of nC Lm exceeds the threshold, then the corresponding node experiences the congestion i.e. congestion occurs when ðnC Lm > 0Þ. The overall congestion at the node l is denoted using the nC Lm value. If the value of the congestion level increases, the available bandwidth decreases. Based on C Lm and nC Lm value, the level of the congestion is deducted.
Adaptive cuckoo search based rate adjustment for congestion avoidance
The congestion occurs at the node l because of the service rate which is less than that of the total average rate of the child nodes. The optimization problem is induced to reduce the congestion problem [25] . The optimization algorithm avoids the congestion in the congested network by reducing the average share rate of the child nodes to the parental node. By doing so, the packet service rate of the parental node is made to exceed the total average rate of the child node.
The optimization algorithm yields the new share rate (S n ) for the child nodes which is less than that of the average rate of the last period. The optimization algorithm gives the fitness function based on the network congestion parameters based on which the control is provided. The selection of the new share rate for the child node is set using the selected fitness function value.
Solution encoding
The solution of the proposed congestion control mechanism is the new share rate. In the WSNs, the multiple sensor nodes for the data transfer are available. The simultaneous reception from the child node gets congested at the parental node. At the time, the physical size of the queue is overflowed, limiting the further acceptance of packets, leading to the packet loss. At the time of the retransmission, the lost packets are traced back but the power usage of the network exceeds, resulting in poor efficiency of the network.
Let us consider the following notations: P i be the parental node, n i be the child node, S r be the share rate before adjustment using optimization algorithm and S n be the new adjusted share rate. At the congestion state, average of the share rate from the child node is greater than that of the service rate of the parental node. Once the status of the congestion is checked, the congestion control is done by the rate optimization. The share rate of the child node is reduced within the threshold limit by the optimization algorithm. The new share rate S n is the rate adjusted send/share rate. By selecting the new send rate for sharing the data packets, the congestion is controlled by the proposed mechanism. Fig. 3 shows the solution encoding of the proposed rate optimization system.
Here, n 1 and n 2 are the child nodes with the share rate S r . P is the parental node accepting the data packets from the child node and sends it to the sink based on its service rate Sv r . At the share rate S r , the network is congested because the net share rate exceeds the service rate of the parental node. So, the rate optimized share rate S n is provided based on the optimization algorithm, and it provides a congestion free process in the sensor network.
Fitness evaluation
The fitness function by which the rate optimization is performed is described in this section. The parameter involving in the fitness function has the significant effect on the rate optimization. In [7] , the cost function involved in the share rate reduction depends on the initial share rate S r and the available bandwidth value only. Such parameter dependence does not reach the maximum optimality. The acceptance in the minimization regarding S r and AB provides the new reduced share rate, for the repeated iteration of the reliable data transmission the value needs to be reduced further because of the reduced parameter dependent cost function modification. In the proposed fitness function, multiple QoS parameters are considered for the maximization of the fitness function. The QoS parameters indulged in the proposed fitness function are the data share rate, available bandwidth, congestion, service rate and queue length. By keeping these five constraints, the objective of the maximum optimal reachability was reached in the proposed fitness function. The proposed fitness function considered these five parameters which are identified as most important for controlling the congestion of the network. The aim of this objective function was to avoid congestion and also to provide quality of service. Also, adjusting the sending rate may affect QoS. So, if we consider the maximum number of parameters within the fitness function, QoS can be retained with optimal sending rate. This is the reason we included five parameters for finding the fitness function. The fitness function must be maximal for the new share rate evaluation.
The fitness function considering different QoS parameters is given by the equation,
The first parameter in the fitness function is the share rate objective function. The objective function considered with the share rate is to set the new share rate of the child node less than the previous share rate of the child nodes (at the time of the congestion). The value of the share rate is less than the value of the service rate, thereby avoiding the congestion in the network. When the difference in the rate exceeds, the value of the new share rate is minimal. By subtracting the value obtained from the overall difference between the new share rate and the old share rate with the old share rate in the denominator by one, the new share rate value that is less than the previous share rate value is attained.
The first maximal factor in the fitness function regarding share rate of the child node is given as f sharerate . It is calculated using the formula given below
where S m r is the old share rate and S m n is the new share rate. The second parameter considered for the fitness evaluation is the available bandwidth, AB. The bandwidth of the node at which the share rate reduction is held to control the conges- tion, depends on the value of the new share rate to be reduced for the optimal fitness reachability. The bandwidth factor desires to be the difference between the available bandwidth of the node and the new share rate value.
The second factor in the fitness function is evaluated based on the available bandwidth of the child node, and it is calculated using the equation,
where AB is the available bandwidth of the node and S m n is the new share rate of the node.
The third parameter considered in the fitness evaluation function is the service rate, Sv r . The service rate of the parental node should be maximal for the increased performance of the reliable data transmission in the wireless sensor network. The objective was to maximize the service rate function. It is achieved by subtracting the value of the difference in the new share rate and old share rate with the service rate of the parental node in the denominator by one. So, the range of the service rate for the maximal function is attained.
The third maximal factor considered for the fitness evaluation is the service rate of the parental node. The equation for the service rate evaluation in the objective formulation is given below
where S m r is the old share rate, S m n is the new share rate and Sv r is the service rate of the parental node.
The fourth parameter considered for the fitness evaluation is the congestion. The congestion factor should be minimal in the maximal fitness function. The congestion must be reduced for the efficient performance of the sensor networks. The lower value of the congestion provides better objective formulation function. The congestion depends on the status of the congestion level remunerating the congestion control. By the ratio between the factor with the difference from the overall congestion level with one and the share rate, the congestion function is made minimal in the proposed fitness function. The value of the overall congestion level is minimized by subtracting the value over the range value 1, which is the main factor in the congestion minimization. The congestion function is calculated using the equation given below,
where nC Lm is the overall congestion level. The final parameter considered for the fitness evaluation is the queue length. The queue length in the transmission network should be minimal for the improved performance. It depends on the difference between the two factors considered with the physical queue length of the parental node. The function regarding the queue length is calculated using the equation,
where q m is the physical queue size, V m is the virtual queue length, S m r is the old share rate and S m n is the new share rate. Based on this maximal fitness function, the new share rate for the congestion mechanism is chosen. The new share rate provided by the fitness formulation function is selected using the optimization algorithm.
Adaptive cuckoo search algorithm
The proposed adaptive cuckoo search algorithm used for the optimization of the rate adjustment is discussed in this section. The ACS algorithm is the modified form of the cuckoo search algorithm [15] .
Cuckoo search algorithm is a nature inspired metaheuristic algorithm. It is based on the brood parasitism behavior of the cuckoo species. The cuckoo search algorithm is used for solving the optimization problem. By the brood parasitism behavior along with the levy flight, the cuckoo search aids in solving the optimized solution reachability problem. In the proposed adaptive cuckoo search algorithm, the step size of the search is adjusted adaptively. The adaptive adjustment manages the local as well as the global searching with more search patterns.
The steps involved in the adaptive cuckoo search algorithm are given below:
Step 1: Initialization. The initial population of the host nest is chosen. Let us assume that the initial population of the host nest is the new share rate to be chosen S m n , i.e. the range of the value depends on N Â P j where N is the total number of the nodes and P j is the parental node. The maximum number of the iterations is defined by the user for the optimal best solution selection. Let the initial population of n host nest be,
Step 2: Generate cuckoo by levy flight using adaptive step size (ACS). The best place for the cuckoo from the host nest is chosen from the randomly generated host nest. The detection of the best possible nest by cuckoo depends on the levy flight. It is represented using the following equation, After the completion of the one iteration, the next solutions are to be generated randomly by the levy flights. The new random solution generation using the levy flights keeps on going the optimization algorithm leading to finding the best solution. By making the solution generation in an adaptive way, the optimization process can be improved. This is the place where the modification is proposed in this paper. In this adaptive cuckoo search algorithm, the random generation after the iteration is aided by the adaptive step size. The adaptive scale size indulged has many of the advantages over the normally accepted scale size value. The local searching and the global searching are managed by the value of the step size. Instead of using the constant step size, a step size that is adaptively adjusted is developed in this proposed method. By doing so, the cuckoo rigorously searches for the new environment for the brooding by neglecting the current nest where optimal solution finding is not compatible. The proposed adaptive step size adjustment strategy leads to the fast convergence of the optimal solutions.
The original solution is replaced with the adaptive step size, where a A corresponds to the value of the step size. Normally based on the scale of the problem considered the value of the step size is chosen. In the area of the interest, the modified step size took over the action. By adaptive step size, without considering the scale of the problem interest, the solutions are generated. By doing so, every new solution is made important. This improves the performance of the optimization algorithm. The value of a A is given by,
where S r is the initial share rate, and y best is the best possible solution in the previous iterations.
In the cuckoo search, the value of a is mostly assumed to be unity. But the value of the a chosen must reduce the local optimum problem, thus improving the efficiency of the optimization algorithm. With the adaptive step size, the problem considered with the local optimum is reduced. This increases the overall performance of the proposed optimization scheme.
The value of the scale size also has a significant effect over the value of the levy. Levy flight is the random walk at which the new solutions are considered for the optimization. Levy flight chooses flight path from a heavily tailed probability density function.
The value of the levy is,
C is the gamma function which is defined by the integral; CðxÞ ¼ R 1 0 e Àt t xÀ1 dt. Levy flight provides the flight path of the cuckoo solution to be more effective providing the free search patterns. This free search pattern provided by the levy is neither too aggressive nor too ineffective. The adaptive cuckoo search based new solutions generated look over the metaheuristic algorithm thereafter. Such a free search provides better optimization. Then, the fitness value for y d is calculated i.e. f(y d ).
4.3.3.3.
Step 3: Choose random nest. From the host nest, a solution i.e. share rate is chosen and the fitness is evaluated for the selected one. If the fitness function of the chosen share rate is less than that of the adaptive cuckoo selected share rate, the share rate of the cuckoo replaces the chosen solution in the nest.
From the nest y f , a random nest is chosen say y f . Calculate the fitness function of the y j .
If fðy d Þ > fðy f Þ;
Replace j by the solution generated by the levy flight i.e. cuckoo.
4.3.3.4.
Step 4: Worst nest rejection. Even if the solution of the nest is from the cuckoo, based on the discovery rate, the solution with minimal values is neglected. In the proposed case, the share rate which is greater than that of the previous share rate is omitted using the worst case scenario.
Based on the discovery rate, which is of the range Pa 2 ½0; 1, worst nests are abandoned.
4.3.3.5.
Step 5: Ranking. The best possible solution in consecutive iteration is ranked based on the fitness function.
Keep the best solution and rank it.
4.3.3.6.
Step 6: Iteration. Iterate until tolerance is reached. Based on the rank value, the best possible solution is chosen which is the reduced share rate i.e. rate adjusted share rate providing a better efficient congestion management control in the wireless sensor networks. By the continuous iteration of Adaptive cuckoo search optimization algorithm, the best optimal share rate i.e. new share rate for the congestion free data transfer in the wireless sensor network is obtained. The new share rate provided by the cuckoo search algorithm is set as the share rate of the child node by the parental node regarding the service rate of the parental node. The new share rate obtained is found to be less than the share rate at the time of the congestion in the network. Thereby, congestion in the wireless sensor network is avoided by the proposed ACSRO scheme. Fig. 4 represents the flowchart of the proposed ACSRO scheme for the congestion management in the wireless sensor network. The initialization is the simulation of the WSN. The WSN consists of the nodes and the base station. The nodes are the cluster with the parental node and child node. The base station is the sink node. After the initiation, due to the presence of large number of the nodes in the network, priority based transmission is enabled. The priority for the child and parental node in the sensor node cluster is defined. Based on the priority obtained over the node, the reliable data transmission occurs in the WSN.
During the transmission, when the data packets are send over the node, the packet drop probability is checked over a threshold. If the incoming packets are held within the threshold value considered, no packet drop is done and the transmission is maintained. But if the drop probability exceeds the threshold, the possibility for the congestion in the network is more. After the packet drop, the status of the congestion in the network based on the queue size of the parental node is found out. In status estimation, if the possibility for the congestion is not briefed, then the transmission is congestion free. But if the status of the congestion is true, then the rate optimization is performed using the Adaptive cuckoo search to adjust the share rate of the child node.
The new share rate is chosen by the proposed new fitness function and by the application of the proposed Adaptive cuckoo search, the optimal share rate is reached. Thus, the congestion in the WSN network is avoided and further controlled by the optimized rate adjustment.
Results and discussion
The results and discussion concerned with the proposed ACSRO scheme for the congestion management in the wireless sensor network are discussed in this section.
The performance of the proposed rate optimization algorithm (ACSRO) is analyzed over the Systematic Share Rate reduction (SS), Cuckoo Search (CS) [15] , and Optimal Rate Adjustment scheme (ORA) [26] in the experimentation. The systematic share rate reduction is the technique, when the share rate exceeds the threshold provided by the parental node based on the service rate. The share rate is reduced systemati-cally. It at 0.6 congestion occurs, the SS reduces the share rate by 1 i.e. 0.5.
Simulation setup
The simulation of the proposed congestion management mechanism in the wireless sensor network is implemented using the MATLAB. In simulation, the area where the sensor nodes fixed is of the dimension 100 m Â 100 m. The sink node is located at the middle of the region. Table 1 shows the simulation parameters.
Evaluation metrics
The evaluation metrics that are used for the performance analysis of the proposed rate optimization scheme over the existing systems are discussed in this section.
Throughput
The total network throughput is defined as the data packet receiving rate of the sink over the total bandwidth of the sink. It is given by the equation,
where R s is the packet receiving rate of the sink and S AB is the bandwidth of the sink node.
Delay
The amount of the time elapsed to send the data packet over the wireless sensor network from the source node to the sink node is called delay. It is calculated using the formula, where n is the number of the packets in the transmission and R is the rate of the transmission.
Normalized packet loss
The packet loss is the difference in the number of the data packets send and received over the time interval in the network. It is calculated using,
Normalized packet loss; P loss ¼ DP s À DP r t
where DP s is the data packet send, DP r is the data packet received and t is the time elapsed.
Sending rate
Sending rate is the rate at which the data packets from the source node/child node are sent to the parental node. For every time instance, the share rate of the source node varies.
Normalized queue size
Queue size corresponds to the total number of the packets available in the queue at a time instance.
Congestion level
The node at which the congestion occurrence takes place is reflected using the congestion level. It depends on the queue size and node priority.
Performance evaluation
The performance evaluation of the proposed rate optimization scheme based on the evaluation metrics in the experimentation is discussed in this section.
Evaluation based on throughput
Fig . 5 shows the analysis curve based on the throughput for the proposed rate optimization scheme. The analysis curve is plotted between the time (sec) and throughput. Throughput of the network must be increased for the improved performance. Fig. 5a , shows the analysis curve for the sensor network with 100 nodes and 10 s time instance. At each sec (time instance), the value of the throughput for the proposed and existing algorithms is plotted in the graph. The experimented results confirm that the performance of the proposed system is increased at every consecutive time instance. At the 5th time instance, throughput of the proposed system is 0.9028 whereas the throughputs of the existing systems are 0.7732, 0.8380 and 0.8785 for the SS, ORA and CS system respectively. The network with 200 nodes is shown in Fig. 5b . The networks with increased number of nodes also perform well with the adaptation of the proposed system. At the 20th time instance, the throughput value of the SS is 0.0557, ORA is 0.0601 and CS is 0.0628 respectively. The throughput at the 20th time instance for the proposed system is 0.0645 which is increased than that of the existing algorithm. The analysis based on the throughput proves the proposed ACSRO system to be more effective than the existing systems.
Evaluation based on delay
The analysis curves based on the delay for the evaluation of the proposed system over the existing system are given in Fig. 6 . For a WSN, the delay for the transmission must be reduced for the optimal performance. In the network with 100 nodes, the delay analysis curve shown in Fig. 6a , confirms that the delay for the proposed system is gradually decreased over the time instance comparing with the existing systems. At the 10th instance, the delay of the proposed system is 0.08 which is 0.9181 lower than the SS system, 0.215 lower than the ORA and 0.1423 lower than the CS. It shows the efficiency of the proposed method in terms of the delay. Similarly, for the network with 200 nodes, the performance of the proposed system in terms of the delay is efficient i.e. delay is lower providing a reliable data transmission between the nodes. Fig. 6b , shows the delay analysis curve for the network with 200 nodes. The delay at every instance for the proposed system is lower than that of the existing systems, improving the performance of the WSN.
(a) 100 nodes, time 10 sec (b) 200 nodes, time 20 sec Figure 5 Analysis based on throughput.
Evaluation based on normalized packet loss
The evaluation curve based on the packet loss is shown in Fig. 7 . The packet loss in the transmission must be reduced for the better performance of the network. Fig. 7a shows the analysis curve relating the packet loss to time instance for the network with the 100 nodes. Every successive time instance increases the packet loss because of more incoming data packets. Even for the increased instance with increased packet arrival, the proposed system provides the minimal packet loss over the existing system. At 7th instance, the packet loss of the proposed system is 0.0780 whereas the existing system has the packet loss values as 0.9456, 0.2851 and 0.2124 for the SS, ORA and CS system respectively. Similarly for the network with 200 nodes, the analysis curve is shown in Fig. 7b . The network with increased cluster of the nodes also provides lesser packet loss value for the proposed AACSRO system compared to the existing systems. For the 20th time instance, the packet loss value is maximal for the SS system whereas the ORA system has the packet loss value of 0.3025; CS system has the packet loss value of 0.2255 which is more comparing to the packet loss value of the proposed ACSRO system which attained 0.0832 packet loss at the same instance of time. From the analysis curve, even for the network with increased node, the performance of the proposed ACSRO system provides minimal packet loss value compared to the existing system taken for the experimentation.
Evaluation based on sending rate
The sending rate of the data packets in the wireless sensor networks with 100 and 200 nodes is shown in Fig. 8a and b. The sending rate of the network with cuckoo search and adaptive cuckoo search based rate optimization provides the equal send rate values. In the network with 100 nodes, the sending rate at the time instance 7 for the SS is 0.2 whereas the ORA, CS and Fig. 8b , the sending rate of the proposed ACSRO system at 10th instance is 0.1 for the system taken for the experimentation. For the instance greater than 10, the sending rate for all the systems in the experimentation provides the value of 0.1, other than the SS model.
Evaluation based on normalized queue size
The evaluation curve based on the queue size for the systems taken for the experimentation is shown in Fig. 9 . In Fig. 9a , for the network with 100 nodes, the analysis curve is plotted between the queue size and the time instance. For a WSN to provide the optimized performance, the queue size should be minimal. For the time instance 1, queue size attained by the ACSRO is 0.002 whereas queue size value of the systems SS, ORA, and CS taken for the experimental evaluation exceeds 0.1. At the time instance 10, the queue size of the ACSRO is less than 0.1 whereas the queue size attained by the SS is 1, ORA is 0.29 and CS is 0.22. For the successive time instance, the queue size of the proposed system is lower compared to the existing systems. Similarly for the network with 200 sensor nodes, at the 10th instance, the proposed system only attains the queue size less than 0.1, and all other systems taken for the evaluation attains the queue size value greater than 0.2. The plot confirms the efficiency of the proposed system in terms of the queue size with the multiple networks.
Evaluation based on congestion level
The analysis curve based on the congestion level for the evaluation of the proposed system is shown in Fig. 10 . Fig. 10a (a) 100 nodes, time 10 sec (b) 200 nodes, time 20 sec shows the congestion level analysis curve for the network with 100 nodes and Fig. 10b shows the congestion level analysis curve for the network with the 200 nodes. In Fig. 10a , at the 10th instance, the congestion level of the proposed ACSRO system is 0.1971, at the same instance the existing system SS attains 0.952 which is 0.7549 higher than that of the ACSRO, ORA attains 0.3603 congestion level value which is 0.1632 higher than that of the ACSRO, and CS attains 0.3118 congestion level value which is 0.1148 higher than that of ACSRO system. The value at the 10th instance proves the efficiency of the proposed system with the lower congestion level value compared to the other existing systems. Similarly in the network with 200 nodes, the proposed system provides lower congestion level value over the existing systems taken for the experimentation. For the 13th time instance the value of the congestion level attained by the existing system is 0.6279, 0.2081 and 0.1663 whereas the value of the congestion level attains at the same instance by the ACSRO is within 0.1 compromising the performance efficiency of the proposed system. The improvement in terms of congestion level is happened by properly adjusting the sending rate of the nodes. Based on the performance evaluation using the evaluation metrics such as congestion level, normalized queue size, normalized packet loss, throughput, and delay, the proposed ACSRO system proves to be the best congestion control mechanism based on the rate optimization in the wireless sensor networks. Table 2 shows the summary of the performance analysis. The values plotted in the table are the parameters obtained after 20 s of simulation time. From the table, we clearly proved that the proposed ACSRO obtained the performance improvement in all the metrics. For example, throughput of the ACSRO method is 0.0645 but the existing ORA obtained only the value of 0.0628. Similarly, the delay is minimum for the proposed ACSRO method as compared to the existing methods. The reason for the improvement of the proposed algorithm is the adjustment of sending rate at every iteration based on the CS algorithm.
Discussion

Conclusion
In this paper, a novel approach for the congestion management in the wireless sensor network is presented. An Adaptive Cuckoo Search based Rate optimization scheme is proposed to adjust the share rate of the child node, thereby making the packet arrival rate of the child node to be within the packet service rate of the parental node. The proposed adaptive cuckoo search optimization algorithm, by the application of the varying step size makes the optimization more effective by reducing the local optima problem. The new fitness function for the new share rate formulation is proposed which maximizes the system performance. The congestion is avoided based on the packet drop probability and in case of the congestion occurrence in the network upon the status the new share rate is provided based on the optimized objective formulation. The performance of the proposed congestion management mechanism is evaluated using the evaluation metrics such as throughput, delay, normalized packet loss, normalized queue size and congestion level. The performance is analyzed using the simulations over the existing rate optimization scheme. Simulation results show that the proposed ACSRO scheme is more efficient than the existing rate optimization schemes for congestion management mechanism. In future, rate adjustment can be performed with the hybrid search algorithm by combining multiple optimization algorithms.
